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[Claim(s)] 
[Claim 1] 

In the lithium secondary battery equipped with the negative electrode containing negative 

electrode active material, the plus terminal containing positive active material, and the 

nonaqueous electrolyte which contains gamma butyrolactone as main solvents. 

The lithium secondary battery characterized by for said negative electrode active material 

being the carbon material containing 15 ppm or more of sulfur elements, and the sulfur 

element in said nonaqueous electrolyte being 4 ppm or less. 

[Claim 2] 

The lithium secondary battery according to claim 1 characterized by said negative 
electrode active material containing 20 ppm or more of sulfur elements. 
[Claim 3] 

The lithium secondary battery according to claim 1 or 2 characterized by containing 
vinylene carbonate and/or vinyl-polymers ethylene carbonate in said nonaqueous 

electrolyte. 
[Claim 4] 

Claim 1 characterized by said negative electrode active material containing 25 ppm or 
more of silicon elements - a lithium secondary battery given in any 1 clause of three. 
[Claim 5] 

Claim 1 characterized by the iron element in said negative electrode active material being 
60 ppm or less - a lithium secondary battery given in any 1 clause of four. 
[Claim 6] 

Claim 1 characterized by containing 4 fluoridation lithium borate in said nonaqueous 
electrolyte as electrolyte salt - a lithium secondary battery given in any 1 clause of five. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a lithium secondary battery, and relates to the lithium secondary 

battery using gamma butyrolactone as a main solvent in detail. 

[0002] 

[Description of the Prior Art] 

Using a lithium nickel oxide or a lithium cobalt oxide as positive active material, the 
lithium secondary battery using the carbon material as negative electrode active material 
has the voltage of about 4v, and is actively studied from it being high capacity. Since 
gamma butyrolactone is a high boiling point solvent and it is a stable solvent thermally, 
the lithium secondary battery using gamma butyrolactone as a solvent of an electrolytic 
solution is considered to be a battery promising from now on. 
[0003] 

[Patent documents 1] 
JP,2002-164051,A 

[0004] 

[Problem(s) to be Solved by the Invention] 

However, since the film which penetrates a hthium ion good is not formed in the surface 
in the lithium secondary battery which used gamma butyrolactone for the solvent of the 



electrolytic solution when natural graphite is used as negative electrode active material, 
Charge and discharge became difficult and there was a problem that capacity fell at the 
time of preservation by a discharge state, this invention person etc. paid his attention to 
the quantity of the sulfur element contained in a carbon material as the technique of 
solving such a problem, in the patent documents 1, it is desirable that using the graphite 
with which graphitization is not progressing as negative electrode active material is 
proposed, it is the impurities of graphite, and the content of the sulfur considered to cause 
a lithium ion and a side reaction is 1000 ppm or less ~ the purport indication is carried 
out. that is, by the content of the sulfur in a carbon material being 1000 ppm or less, the 
occlusion and the burst size of a lithium ion can be made to increase, and reduction 
disassembly of a nonaqueous solvent can be reduced ~ the purport indication is carried 
out. 
[0005] 

However, in the patent documents 1, the electric discharge conservation characteristic at 
the time of [ with ethylene carbonate desirable as a solvent of an electrolytic solution ] 
the purport description being carried out and using gamma butyrolactone as a solvent of 
an electrolytic solution is not indicated at all. 
[0006] 

The purpose of this invention is the lithium secondary battery which used gamma 
butyrolactone as a main solvent, and there is in offering the lithium secondary battery 
excellent in the electric discharge conservation characteristic. 
[0007] 

[Means for Solving the Problem] 

This invention is the lithium secondary batteiy equipped with the negative electrode 
containing negative electrode active material, the plus terminal containing positive active 
material, and the nonaqueous electrolyte which contains gamma butyrolactone as main 
solvents. Negative electrode active material is the carbon material containing 15 ppm or 
more of sulfur elements, and it is characterized by the sulfur element in nonaqueous 
electrolyte being 4 ppm or less. 
[0008] 

In the battery using the nonaqueous electrolyte which uses gamma butyrolactone as a 
main solvent, the good film of ionic permeability is hard to be formed in the surface of 
the carbon material which is negative electrode active material, for this reason, capacity 
falls in long-term preservation or high temperature preservation, and it is thought that an 
electric discharge conservation characteristic worsens. 
[0009] 

As negative electrode active material, using the carbon material containing 15 ppm or 
more of sulfiir elements, when a sulfur element uses the nonaqueous electrolyte which is 
4 ppm or less, an electric discharge conservation characteristic can be raised according to 

this invention. This is considered to be because for a film with good lithium ion 
permeability to be formed on the surface of a carbon material by using such a carbon 
material and nonaqueous electrolyte. 
[0010] 

When sulfur contains 15 ppm or more in a carbon material, the compound of lithium and 
sulfur generates on the surface of a carbon material, and is considered that a precise film 
is formed with this as the starting point. As for a carbon material, it is still more desirable 



that 20 ppm or more of sulfur elements are included. However, when the quantity of the 
sulfur in a carbon material increases too much, the quantity of the compound of lithium 
and sulfur increases and a possibility that a bad influence may arise is in charge-and- 
discharge characteristics ~ charge-and-discharge efficiency falls. Therefore, it is 200 ppm 
or less that it is 1000 ppm or less desirable still more preferably, and the quantity of the 
sulfur element in a carbon material is 50 ppm or less especially preferably. 
[0011] 

If more sulfur elements than 4 ppm exist in nonaqueous electrolyte, a Reason is not 
certain, but the sulfur in an electrolytic solution shows reactivity to the film generated on 
the carbon material surface, and is considered that a film becomes unstable. 

[0012] 

In this invention, it is desirable that the film formation agent which has polymerization 
nature, such as vinylene carbonate and vinyl-polymers ethylene carbonate, contains in 
nonaqueous electrolyte. When such a film formation agent contains, it is thought that a 
still better and precise film is formed in the carbon material surface, as for such a film 
formation agent, it is desirable that more than 2 weight parts are contained to the 
nonaqueous electrolyte 100 weight part containing a solvent and solute — 2- 10 weight 
**** j.^g ****** .. things are still more desirable. 
[0013] 

In this invention, it is desirable that 25 ppm or more of silicon elements are contained in 
the carbon material which is negative electrode active material. Although the details of 
this Reason are not clear, when a silicon element contains, it is thought that it is for the 

activity part to which an electric discharge conservation characteristic is reduced to 
deci ease. In addition, as for the content of a silicon element, it is desirable that it is 200 
ppm or less. 
[0014] 

Moreover, as for the iron element in the carbon material which is negative electrode 
active material, in this invention, it is desirable that it is 60 ppm or less. When an iron 
element contains, oxidation reduction becomes is easy to be carried out, and it thinks for 
charge-and-discharge characteristics to fall. 
[0015] 

[ the carbon material used as negative electrode active material in this invention ] [ can 
use as negative electrode active material of a lithium secondary battery, especially if the 
content of a sulfur element is 15 ppm or more, are not limited, but ] It is the range whose 
spacing (d002) of the field searched for by an X diffraction (002) is 0.335-0.338nm. And 
that whose size (LC) of the microcrystal of c axial direction is 30nm or more is desirable, 
it is the range whose spacing (d002) is 0. 335-0. 336nm further, and especially a thing of 
lOOnm or more has the desirable size (LC) of microcrystal. By using such a carbon 
material, electric discharge capacity can be raised further. 
[0016] 

It is not limited especially if it is the positive active material which can be used for a 
lithium secondary battery as positive active material used in this invention, and a lithium 
content transition-metals oxide is illustrated. Specifically, what is expressed with the 
formula of LiNi02, LiCo02, LiMn204, and LiNixCoy02 (x+y=l, 0< x<l) is mentioned. 
Moreover, LiNiaCobMc02 (here, [ M ]) It is at least one sort chosen from Mn, Fe, Zn, 
Ti, Cr, Mg, and aluminum, Cu and Ga, and a, b, and c are numbers with which it is 



satisfied of a+b+c=l, 0< a<l, 0< b<l, and 0<c. What is expressed with a formula is 

illustrated. 

[0017] 

In this invention, gamma butyrolactone is used for nonaqueous electrolyte as a main 
solvent. Therefore, as for gamma butyrolactone, it is desirable to be contained 90% or 
more to the whole solvent, and being contained 95% or more is still more desirable. As a 
solvent which can be used together with gamma butyrolactone For example, propylene 
carbonate, ethylene carbonate, dimethyl sulfoxide, dimethyl carbonate, ethyl methyl 
carbonate, diethyl carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, 
tetrahydrofuran, etc. are mentioned. 
[0018] 

Moreover, in order to form a film good and precise as mentioned above, it is desirable 
that film formation agents, such as carbonate which has polymerization nature machines, 
such as a double bond, contain. 

Moreover, since gamma butyrolactone does not get wet easily in separators, such as a 
product made from polypropylene, in order to wet a separator, it is desirable [ 
butyrolactone ] that the surfactant is added by the electrolytic solution. Trioctyl 
phosphate etc. is mentioned as such a surfactant. As for such an amount of addition of a 
surfactant, it is desirable that it is 0.01 - 10 weight part to the nonaqueous electrolyte 100 
weight part containing a solvent and solute (electrolyte salt). 
[0019] 

As solute (electrolyte salt) used for nonaqueous electrolyte in this invention LiBF4, 
LiPF6, LiAsF6, LiCF3S03, and LiN (C1F21.+1S02) (CmF2m+lS02) (1 -) As for m, one 
or more integers, LiC (CpF2p+lS02) (CqF2q+lS02) (CrF2r+lS02) (p, q, and r are one 
or more integers), etc. are mentioned. Since a stable film is formed by including LiBF4 (4 
fluoridation lithium borate) especially, it is desirable that this is included at least as 
solute. In nonaqueous electrolyte, it is desirable still more desirable that it is the 
concentration of 0.1-1.5mol/l., and the content of solute is 0.5-1. 5mol/l. in concentration. 
[0020] 

[Embodiment of the Invention] 

Although a concrete work example explains this invention hereafter, in the range which is 
not limited to the following work examples and does not change the summary, it changes 
suitably and this invention can be carried out. 
[0021] 

[Production of a plus terminal] 

Positive active material (LiCo02) and an electric conduction agent (the end of carbon 
powder) were mixed by the bulk density of 90:5, and positive electrode mixture was 
obtained. And the above-mentioned positive electrode mixture was added in the solution 
made to dissolve the fluororesin powder (polyvinylidene fluoride) as a binder in a N- 

methyl-2-pyrrolidone, and positive electrode mixture and polyvinylidene fluoride 
prepared the slurry which became the bulk density of 95:5. This slurry was applied to the 
positive electrode current collector which consists of aluminum foil with the doctor blade 
method, this was roUed after dryness, and the plus terminal was produced. 
[0022] 

[Production of the negative electrode] 

a-d was used in the end of carbon powder which is the following sulfur contents, silicon 



contents, and iron content as negative electrode active material. In addition, each content 
is the value measured by ICP (inductive coupling high frequency plasma) emission 
spectrochemical analysis. 
[0023] 

The end a of carbon powder: The sulfiir content of 44 ppm, the silicon content of 78 ppm, 

48 ppm of iron content 

The end b of carbon powder: The sulfur content of 16 ppm, the silicon content of 40 ppm, 
26 ppm of iron content 

The end c of carbon powder: The sulfur content of 7 ppm, the silicon content of 7 ppm, 

76 ppm of iron content 

The end d of carbon powder: The sulfur content of 85 ppm, the silicon content of 30 ppm, 
30 ppm of iron content 

Mixed the styrene-butadiene-rubber (SBR) 1 weight part and the carboxymethylcellulose 

(CMC) 1.5 weight part, considered it as negative electrode mixture, water was made to 
distribute this in 97.5 weight parts, and slurry was prepared in them in the end of carbon 
powder. This slurry was applied to both sides of copper foil which is a negative electrode 
collector with the doctor blade method, after drying, it rolled and each negative electrode 
was produced. 
[0024] 

[Production of an electrolytic solution] 

LlBF4 were dissolved in gamma butyrolactone so that it might become the concentration 
of 1.2mol/l., 4 weight part addition of 5 weight parts and the vinylene carbonate was 
cai l ied out for trioctyl phosphate as a surfactant to this solution 100 weight part, and the 
electrolytic solution was prepared. 
[0025] 

[The assembly of a battery] 

The fine porous membrane made from polypropylene of ionic permeability was used as a 
separator. After rolling this separator several rounds, the separator was made to intervene 
between a plus terminal and the negative electrode, it rolled round to spiral shape, and the 
electrode object was produced. At this time, it roUed round so that each collecting lead of 
a plus terminal and the negative electrode might project for reverse in a longitudinal 
direction mutually from an electrode object. This electrode object was inserted into the 
battery can, the negative electrode lead was attached to the electrode can bottom part by 
spot welding, and the positive electrode lead was attached like the battery lid bottom. 
After pouring in an electrolytic solution, it obturated and each following battery was 
produced. It is as [ of a-d and each battery ] follows [ relation ] in the end of carbon 
powder which is negative electrode active material. 
[0026] 

This invention battery Al: The end a of carbon powder 

This invention battery A2: The end b of carbon powder 
Comparison battery XI: The end c of carbon powder 
Comparison battery X2: The end d of carbon powder 
[0027] 

[Evaluation of an electric discharge conservation characteristic] 

About each above-mentioned battery, the electric discharge conservation characteristic 
was evaluated as follows. As preservation conditions, temperature:60 degree C, and 



period:20 days were taken, the electric discharge capacity before preservation and after 
preservation was measured, and the deduction coefficient of capacity called for by the 
following formulas was computed. 
[0028] 

Deduction-coefficient-of-capacity (%) = [l-(electric discharge capacity after 

preservation) / (electric discharge capacity before preservation)] xlOO 

The charge and discharge before preservation and after preservation were performed as 

follows. 

[0029] 

At 25 degrees C, it charged until voltage amounted to 4.2V in the constant current of 
1.7A, and it charged until the current value reached the pan with the constant voltage of 
4.2V at 0.075A. Then, at 25 degrees C, according to the constant current of 0.34A, it 
discharged until voltage amounted to 2.75V. 

The deduction coefficient of capacity of each battery is shown in Table 1. 

[0030] 

[Measurement of the sulfur content in an electrolytic solution] 

The electrolytic solution after a battery assembly was extracted and the sulfiir content in 
an electrolytic solution was measured by ICP emission spectrochemical analysis. 
[0031] 

In addition, the limit of detection of the sulfur content by this method is 4 ppm. 
Therefore, about what was not able to detect a sulfur content by this method, it may be 
less than 4 ppm. 
[0032] 
[Table 1] 
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[0033] 

It turns out that the deduction coefficient of capacity is small and this invention batteries 
Al and A2 are excellent in an electric discharge conservation characteristic compared 
with the comparison battery XI so that clearly from Table 1. From this, the sulfur content 
contained in a carbon material is understood that 15 ppm or more are desirable. 
Especially this invention [ sulfur content ] battery Al using a carbon material of 20 ppm 
or more shows the good electric discharge conservation characteristic rather than this 
invention battery A2, and understands that 20 ppm or more are still more desirable for a 
sulfur content. 
[0034] 

Like the comparison battery X2, when the sulfur content in an electrolytic solution 
increases more than 4 ppm, it turns out that a deduction coefficient of capacity becomes 



very large, and an electric discharge conservation characteristic worsens. The sulfur in an 
electrolytic solution causes the film and side reaction on the surface of a carbon material 
during preservation, and this is considered because the stability of the film became low. 
[0035] 

[Effect of the Invention] 

As mentioned above, in the lithium secondary battery using gamma butyrolactone as a 
main solvent, an electric discharge conservation characteristic, i.e., the conservation 
characteristic in a discharge state, can be raised by following this invention. 



